This paper presents a numerical model that simulates the behaviour of an the negative contribution is more relevant but also less frequent, leading to 22 no substantial change in the power production.
the surge is included, no relevant differences are observed regarding the power rently, only very few attempts have been made to exploit wave energy in 48 the Mediterranean Sea. A scaled prototype of an OWC has been installed 49 in Reggio Calabria a few years ago and recently it has been announced that 50 a prototype of an oscillating body is going to be deployed in the Tyrrenean 51 Sea [16] .
52
In the Mediterranean basin, estimations based on both, wave measure-53 ments and wave hind-casts, showed that the mean annual wave power ranges In this study, a two-body and a three-body device have been modelled.
83
They both share the same bottom anchored PTO, characterized by a permanent-84 magnet generator with a highly non-linear behaviour, where the PTO's trans-85 lator is one of the modelled bodies. Both devices have also another body, a 86 cylindrical floater which has a small diameter compared to the incident waves.
87
The third body is a submerged neutral-buoyant sphere, whose purpose is to 88 add inertia to the system shifting the resonant period towards higher peri- The PTO of the studied WEC is inspired on the Seabased's linear gener-92 ator [19, [21] [22] [23] [24] ; more specifically, it is simulated using the model presented sites. Furthermore, this body is placed at a depth where it can barely feel the 104 presence of waves. Thus, the energy loss caused by radiation is negligible.
105
Only one degree of freedom was modelled (Heave) for the whole device and Surge  A  2  2  X  B  2  3  C  3  3  X  D 3 5 
where m is the mass of the system, z refers to the coordinate system of 142 the model, F e (t) is the wave excitation force, F r (t) is the radiation force, 148
The term expressing the resistance of the body due to the radiated waves 149 is composed by two terms, a convolution between the body velocity and its
150
impulse response function and an inertial term, as shown in equation (3):
where m ∞ is the added mass at infinite frequency, the body velocityz(t) 
where ω is the monochromatic wave frequency and B(ω) is its radiation 156 damping coefficient. The hydrostatic force F h (t) acting on a cylindrical shape
where ρ is the seawater density, g is the gravity acceleration and A w is 
where C d is the drag coefficient, which depends on the shape of the body 
172
The Power Take Off system introduces three different forces, two mechan- (8), (9) and (10) 181 describe forces mentioned above:
where K pto is the elastic constant of the spring attached to the translator,
183
K end is the elastic constant of the end-stop spring, and Z lim is the activation overall generator's efficiency µ, the electromagnetic resistant force is yielded.
193
As already applied in [20] . and translator respectively. The surge mode is specified with the subscript 208 1, and the heave mode with the subscript 3.
where m ∞ 's is the added mass at infinite frequency andz(t)'s is the body 
218
The matrix system of equations of motion is a set of differential equations, 219 which have been integrated over time in order to obtain the displacements 220 and velocities of the system. The commercial software Matlab R has been 221 used, applying a fourth order ODE solver based on Runge-Kutta's method.
222
Some practical problems arise when using this approach, the main drawback
223
is the high computational cost of the simulation. This is mainly due to the 
Despite the increase of the size of the system, which in turn implies a 
260
The model takes irregular waves as input. The spectrum that best repre- expose the procedure followed to compute the climatic spectrum.
Where S ij (ω) is the JONSWAP spectrum with γ = 2 given an H S class 
Free oscillation tests

294
The aim of the submerged body is to maximize the power output by As expected, a strong non-linear behaviour is observed in Fig. 3 .a) and 315 no clear resonance is detected in Fig. 3.b) . Nonetheless, the influence of 
PTO's Design
328
The surge motion directly causes a variation on the oscillatory regime of The active production area is the surface of the stator, entirely or par- To sum up, the modifications applied to the PTO regard only the geo- 
Duration of the Simulations
356
In order to achieve a reliable estimate of the power absorption a standard an error in power output estimation below 5% can be considered acceptable.
366
Hence, the duration of the simulations was set equal to the number of waves 367 necessary to obtain a value of power output differing by less than 5% from A clear patch is observed in Fig. 9 .a), having a production peak between 402 T P 's 7 and 9 seconds, shifting the most productive area towards higher peri-403 ods, just as predicted in the previous chapter. The same trend is identified 404 in Fig. 9 .b) even though the surge effect seems to mitigate it substantially.
405
In addition, for very steep waves, this trend is even reversed and the surge 406 effect is revealed to be counter productive because of the negative values of 407 the production rate. This means that the addition of the submerged sphere
408
is not always optimal, specifically if the device is to be deployed in a location 409 where wind seas are predominant.
410
To better explore the device response, the same methodology as in the production rates for small steep waves, typically H S < 4.5 m and T P < 7 s.
417
On the contrary, a decrease of the production is detected for flatter waves it can be realized that differences are actually very small. This, brings about 456 high uncertainty upon the dominance of a specific parameter over the other. 
Site-Specific
471
The average energy production of the simulated devices has been com- model that brings in more flexibility from the research point of view.
528
The shift of the piston not only affects the electric production directly,
529
but also some technical aspects. Since the piston offset makes it easier to 530 reach the limit position for survival of the device. Hence, for the same wave 531 conditions, when considering the surge, the end-stop mechanism is activated 532 sooner; and consequently, the electric production utterly decreases. Further-533 more, the more the end-stop mechanism is working the higher the probabil-534 ity of breakdowns (slamming effects and high tensions in wires and springs).
535
Consequently, it is reasonable to think that a shorter lifespan of the device However, it is crucial to acquire deep knowledge on how all the effects 541 introduced by the surge influence the device.
The average annual production, is rather low for the single device. 
